Objective: To determine the mean weight loss (MWL) of newborns and to examine the effect of weight loss > 7% on exclusive breastfeeding rates.
by failed lactogenesis II (the onset of copious milk secretion) is frequently cited as a cause (Tawia & McGuire, 2014) . This phenomenon is often related to breastfeeding difficulties such as a mother's pain with feedings, ineffective suckling, poor latch, or mother-newborn separation (Hurst, 2007) . Although less common, other causes of failed lactogenesis II may include breast surgery, retained placenta fragments, hypothyroidism, mammary hypoplasia, polycystic ovarian syndrome, and Sheehan's syndrome (Arbour & Kessler, 2013) . Other common factors associated with increased newborn weight loss include female sex, advanced maternal age and education, cesarean birth, and jaundice (Davanzo, Cannioto, Ronfani, Monasta, & Demarini, 2013; Fonseca, Severo, Barros, & Santos, 2014) . Intravenous fluid administered during the intrapartum period has also been associated with increased weight loss in newborns (Dewey, Nommsen-Rivers, Heinig, & Cohen, 2003; Tawia & McGuire, 2014 ). Finally, rare and undiagnosed metabolic or neurological disorders in newborns may contribute to weight loss (Tawia & McGuire, 2014) .
One of the most frequently used measures to assess a newborn's well-being is weight loss. Expected physiologic weight loss for breastfed newborns is 5% to 7% (Dewey, Nommsen-Rivers, Heinig, & Cohen, 2003) . When weight loss is greater than 7%, common practice is to provide formula supplementation (Gagnon, Leduc, Waghormn, Yang, & Platt, 2005) . Multiple professional organizations, including the International Lactation Consultant Association (2005) , the Academy of Breastfeeding Medicine (2009) , and the AAP (2012), suggest that exclusively breastfed newborns who exceed 7% weight loss should be evaluated for poor breastfeeding management. Among clinicians, there is little consensus regarding how to define too much weight loss. At times, more than 7% loss of birth weight is used (Watson, Hodnett, Armson, Davies, & Watt-Watson, 2012) and at other times, 10% or greater was used to define excessive weight loss (Bertini, Breschi, & Dani, 2014) .
In 2016, I conducted a systematic review of expected patterns of weight loss in full-term breastfed neonates. I documented how little reliable evidence exists to support 5% to 7% weight loss as a guide to practice. Mean neonatal weight loss ranged widely among studies from 3.79% to 8.6%. In addition, significant methodologic flaws were reported in the research that was used to establish 5% to 7% as a guide to practice. These flaws included gaps in data collection, lack of a documented feeding type in the studies, sample groups that lacked exclusively breastfed neonates, and the exclusion of neonates who lost the most amount of weight from sample groups (Thulier, 2016) .
Evidence has shown that the growth of breastfed newborns has been judged by a standard that was derived from data collected on newborns who were largely formula fed (AAP, 2012; Crossland, Richmond, Hudson, Smith, & AbuHarb, 2008) . Only since 2010 have growth charts from the World Health Organization reflected growth patterns among children predominantly breastfed (Centers for Disease Control and Prevention, 2010) . Despite these facts, there is little discussion in the literature about the effect of weight loss greater than 7% on breastfeeding outcomes. Researchers have not examined the frequency of formula supplementation given for excess weight loss or the effect of weight loss on breastfeeding rates. Therefore, the purpose of this study was to determine the mean weight loss (MWL) for healthy, full-term breastfed newborns born by cesarean and to evaluate the effect of weight loss greater than 7% on EBF rates. It was hypothesized that newborns who were exclusively or predominantly breastfed would have a MWL greater than 7% and that newborns who lost more than 7% of birth weight would have lower rates of EBF compared with newborns who lost 7% or less of their birth weight.
Methods

Design
A case-control research design was used to examine the relationship between EBF rates when newborns lost 7% or less of their birth weight versus more than 7%. Data for this study were obtained through a secondary analysis of the data acquired from a previous study in which I investigated the relationship between maternal hydration in labor and newborn weight loss (Thulier, 2013) . Newborns born by cesarean composed the sample groups because these mother-newborn dyads remained hospitalized for 3 to 4 days after birth, and access to reliable data The growth of breastfed newborns has been judged by a standard that was derived from data collected on newborns who were largely formula fed.
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on newborn weight during that period was available. Previous researchers have shown that newborns' feeding outcomes are unrelated to methods of birth and that breastfeeding success in the early weeks of life is no better or worse for newborns born by cesarean compared with newborns born vaginally (Hutton et al., 2015; Watt et al., 2012) .
Setting and Participants
A Level III maternity hospital in the Northeast region of the United States was selected for this study. It is the eighth largest stand-alone obstetric hospital in the country, with 8,400 births per year. A convenience sample of 286 mothers and their newborns who were born from July 1 through December 31, 2010, were included in this study. Eligibility criteria included women 18 years of age or older who were at 38 to 42 weeks gestation with healthy, singleton newborns. Only dyads in which the newborn was exclusively or predominately fed breast milk for the first 72 hours of life were included. Exclusive breastfeeding (EB) was defined as newborns receiving only their own mother's breast milk via breast or bottle. Predominate breastfeeding (PB) was defined as 75% or more of the newborn's diet being composed of their own mother's breast milk given via breast or bottle; the remainder of the diet consisted of formula. Mixed feeding (MF) was defined as 25% to 75% of the newborn's diet being composed of his or her mother's breast milk given via breast or bottle; the remainder of the diet consisted of formula (Thulier, 2010) .
Exclusion criteria for mothers included significant medical or obstetric illness, gestational diabetes, or postpartum hemorrhage. Newborns born before 38 weeks gestation were excluded because increasing evidence suggests that earlier gestational age may negatively affect feeding behavior (Zanardo et al., 2013) . Other exclusion criteria for newborns included a diagnosis of intrauterine growth restriction, serious congenital anomalies, or NICU admission. Approval to conduct the original study was obtained from the hospital and the University of Rhode Island institutional review boards. Patient confidentiality and protection of personal health information were maintained throughout the duration of the study. (Schlomer, Kemmerer, & Twiss, 1999) . The LATCH tool is considered an effective predictor of breastfeeding duration (Riordan, Bibb, Miller, & Rawlins, 2006) .
Data Collection
Data Analysis
Data analysis was performed using SAS version 9.3. All p values were calculated with a two-sided significance level of .05. Descriptive statistics such as a frequency table for each categoric variable and minimum, maximum, range, median, mean, and standard deviation for each continuous variable were used to summarize the data and detect outliers, data entry mistakes, and missing values. Exploratory graphic techniques such as boxplots, histograms, and stem and leaf plots were also used to further examine these data. Normality of the distributions were examined with a normal probability plot when applicable. When appropriate, the Spearman's correlation coefficient was used to determine the strength of the relationship between variables of interest.
Missing data were related almost exclusively to the date and time of mother-newborn discharge. A total of 226 dyads (79%) were discharged on Day 4 of life. Sixty dyads (21%) were discharged on the third day of life; 35 were in the case group, and 25 were in the control group. One newborn in the control group did not have a recorded weight for Days 1 and 2 of life. All other data were complete.
Challenging Weight Loss Expectations
Results
Demographic Variables of MotherNewborn Dyads
Maternal ethnicity was similar between the case and control groups. More mothers in the case group had private insurance (86% vs. 73%, p ¼ .03) and were married (83% vs. 73%, p ¼ .03). Consistent with the literature, there was a trend toward female newborns losing more weight and being in the case group (49% vs. 39%, p ¼ .09).
As expected, more newborns who were large for gestational age were in the case group (18% vs. 8%, p < .02; see Table 1 Gestational age and Apgar scores were similar between groups. There were no differences with regard to total amount of maternal intravenous fluid given before cesarean (case group ¼ 2,212 ml AE 1,120 ml vs. control group ¼ 2,055 ml AE 998 ml, p ¼ .22; see Table 3 ). 
Newborn Intake and Output
The numbers of newborn feedings, voids, and stools were recorded daily (see Table 3 ). There was no significant difference in the number of recorded feedings on Days 1 or 2 of life between the case and control groups. On Day 3 of life, newborns in the case group fed more often (9.5 vs. 8.8, p ¼ .04). This pattern continued with a trend toward more feedings in the case group on Day 4 (9.2 vs. 8.3, p ¼ .09). Regarding the number of daily voids, no differences were noted for the first three days of life. On Day 4, newborns Note. Significant at the p < .05 level.
LGA ¼ large for gestational age. Table 3 ).
The amount of feeding, voiding, and stooling between the different feeding groups was also Note. Significant at the p < .05 level. Apgar1 ¼ Apgar score at 1 minute of age; Apgar5 ¼ Apgar score at 5 minutes of age; IV fluid ¼ total milliliters of intravenous fluid administered to the mother during the antepartum period. 
Weight Variables
More than half of the full-term breastfeeding newborns in this study lost more than 7% of their birth weight (n ¼ 165, 58%). A total of 121 (42%) newborns lost 7% or less (see Table 4 Table 4 ). Thulier, D.
EBF Rates
It was also hypothesized that newborns who lost more than 7% of birth weight would have lower rates of EB compared with newborns who lost 7% or less of their birth weight. The null hypothesis was rejected. Newborns who lost greater than 7% of their birth weight did in fact have significantly lower overall EBF rates than newborns who lost less than 7% (46% vs. 65%, p ¼ .001). Close examination of weight loss and EBF rates over the course of the 4 days shows interesting differences in feeding patterns between the two groups.
As shown in Figure 1 , despite significant variances in weight loss between groups on Day 1 (case ¼ 2.7%, control ¼ 1.7%; p < .001), there were no noteworthy differences in EBF rates (91% vs. 86%, p ¼ .42). On Day 2, the difference in weight loss increased (6.95% vs. 5.15 %, p < .001), and the amount of EBF in the case group actually increased to 96%, whereas the EBF rate in the control group stayed unchanged at 86%. Day 3 for the control group represented a stabilization of weight and little change in the EBF rate (84%). In great contrast, the case group continued to lose weight, and the EBF rate for that group dropped markedly from 96% on Day 2 to 67% on Table 5 ). Most important to note, however, were the patterns of weight loss between feeding groups outlined in Figure 2 . The EB and MF groups were gaining weight on Day 4 of life, but many newborns in the PB group were still losing weight at time of hospital discharge on Day 4.
Discussion
In Newborn weight loss is a driving force behind formula supplementation. As weight loss increases, the use of formula supplementation also increases markedly.
Challenging Weight Loss Expectations neonatal MWL could not be accurately determined and that it ranged widely in studies from 3.79% to 8.6%. Limitations in past studies included gaps in data collection, lack of documented feeding type, sample groups that lacked EB newborns, and the exclusion of newborns who lost too much weight. This study was designed to try to address those gaps. Daily weights were collected until discharge from the hospital (Day 3 or 4). The numbers of newborn feedings were recorded as was the type of milk that was consumed (breast milk vs. formula). Sample groups reflected how breastfeeding newborns were actually fed (EB, PB, MF groups), and no newborns were excluded because of excessive weight loss.
There were several compelling findings. First, the average weight loss for breastfed newborns born by cesarean was 8%, and more than half of the newborns in this study lost more than 7% of their birth weight. This is consistent with data reported by Flaherman et al. (2015) in which newborns born via cesarean (n ¼ 25,474) had a MWL of 8.6% at 72 hours after birth. Findings from both of these studies suggest that MWL for newborns born by cesarean may be 8% or more. This calls into question the accuracy of the conventional 5% to 7% figure as a guide to practice.
The second main finding in this study was that weight loss of more than 7% was an independent predictor of formula supplementation. In the 2012 AAP policy statement on breastfeeding and the use of human milk, it is noted that pediatricians play a critical role as advocates of breastfeeding and should be knowledgeable about how to manage and support the breastfeeding dyad. In this same policy statement, pediatricians are directed to evaluate newborns for poor breastfeeding management when weight loss is greater than 7% (AAP, 2012).
In this study, as is common in most hospitals throughout the United States, newborn daily weights were recorded during the midnight shift. Upon arrival to the newborn nursery in the morning, providers would review the weights and examine the newborns. A provider then visited the parents with the documented weight in mind. It is unknown, however, what kind of discussions or feeding directions were provided to parents. Some mothers may have been encouraged to continue breastfeeding. Other mothers may have In 2016, Roll and Cheater found that many women approach breastfeeding tentatively and that confidence in their ability to breastfeed successfully is a powerful factor that can influence feeding decisions. Expressed concern about a newborn's weight loss has the potential to shake a woman's confidence in her ability to adequately nourish her newborn. Evidence in this study clearly shows an alarming pattern of increased formula supplementation among newborns in the case group on and after Day 3 of life when weight loss was greater than 7%. It has been well documented that formula supplementation is a significant variable that negatively affects breastfeeding success (Brown, 2015; Parry, Dennis, Chau, & Wu, 2013) . It is therefore critical that the guidelines provided to pediatricians regarding expected neonatal weight loss are accurate. If expected weight loss is 8% or more, breastfeeding problems should not be suspected, and formula supplementation should not be recommended for otherwise healthy newborns when weight loss is only 7%.
The third important finding from this work showed that newborns who were predominantly fed breast milk were most at risk for continued weight loss after hospital discharge. Surprisingly, newborns who were fed exclusive breast milk lost the least amount of weight compared with the other feeding groups. This is contrary to the popular belief that EB newborns lose the most weight. More compelling was the fact that many of the PB newborns were still losing weight at hospital discharge on the fourth day of life. Oftentimes, when formula supplementation is initiated, there is a collective sigh of relief among nurses and providers. The fear that this newborn will be at risk for continued weight loss after discharge is lessened. However, this may not be true; the small amount of formula consumed by the PB group (<25% of all feedings) was not enough to cause weight gain.
There were several similarities among the newborns in this study who lost more weight. Many were stooling less than 3 or 4 times daily. Research done by Shrago, Reifsnider, and Insel (2006) showed that fewer bowel movements per day during the first 5 days after birth was significantly associated with more initial weight loss. Nommsen-Rivers, Heinig, Cohen, and Dewy (2008) also examined voiding and stooling patterns on Days 1, 4, and 7 (n ¼ 242). Similarly, they showed that fewer than four soiled diapers on Day 4 might be indicative of problems with breastfeeding.
There were no significant difference in voiding patterns between the case and control groups for the first 3 days of life. These results were similar to those found by Nommsen-Rivers et al. (2008) , who reported that voiding patterns were a much less effective indicator of breastfeeding adequacy compared with stooling patterns. Increasing numbers of studies have shown that maternal intravenous fluid given during the antepartum period may affect neonatal diuresis (Chantry, NommsenRivers, Peerson, Cohen, and Dewey, 2011; Watson et al., 2012) . Therefore, patterns of voiding during the first 3 days of life may be more indicative of hydration status rather than caloric intake. However, by Day 4, the newborns who lost more weight were voiding less often (<3 daily) compared with those who lost less weight. This finding suggests that after several days, voiding patterns may become a more reliable indicator of newborn intake.
For newborns who lost more weight, the total number of feedings increased on the third and fourth days of life. In the study done by Shrago et al. (2006) , researchers found that an unusual high frequency of daily feedings (>12) was a red flag for breastfeeding inadequacy. In practice, when breastfeeding is not going well, women are often encouraged to increase the number of feedings. If, however, a newborn is not feeding effectively, simply feeding more often is not likely to help. This evidence suggests that it is the quality not the quantity of feedings that supports adequate weight gain.
Finally, there were clinical similarities among the women in this study whose newborns lost more weight. Mothers with lower LATCH scores had more newborns in the case group. In 2006, Riordan et al. showed that women with a latch score of less than 9 during hospitalization were less likely than women with higher scores to be breastfeeding at 6 weeks. Primiparous women were also more likely to have newborns in the case group. These finding were not surprising, because women who are inexperienced with breastfeeding are more likely to have difficulties that could result in delayed Health care workers must recognize that expected weight loss for breastfeeding newborns might be greater than previously known.
Challenging Weight Loss Expectations lactogenesis. As previously noted, delayed lactogenesis correlates strongly with increased weight loss (Dewey, Nommsen-Rivers, Heinig, and Cohen, 2003) .
Limitations
This study was limited by the exclusion of newborns born vaginally, which limits the applicability of the findings. Newborns were weighed during the course of routine nursing care with different scales calibrated according to hospital guidelines. Newborn feedings, voids, and stools were recorded in the medical record by the nursing staff. If parents fed the newborn or changed the diaper without communicating this information to the nurse, the number of voids and stools may have been underestimated. Although the presence of neonatal jaundice may affect weight, data on bilirubin levels and use of phototherapy were not collected. Finally, data were collected for 3 or 4 days; longer follow-up would further support change in practice.
Implications for Education, Practice, and Research
The evidence gained from this study can help to guide clinical staff responsible for the care of mothers and newborns. Health care workers must recognize that expected weight loss for breastfeeding newborns might be greater than previously known. Educators are called upon to incorporate this information into orientations and continuing education for clinical staff. If neonatal weight loss is indeed 8% or more, supplementation may not be medically indicated when weight loss is only 7%.
Health care workers must also recognize the vulnerability of new mothers and fully understand their own capacity to build or shake a woman's confidence in her ability to adequately nourish her newborn. Parents should not be falsely alarmed if their otherwise healthy newborn loses 7% of his or her birth weight. Although the percentage of neonatal weight loss is important, the overall clinical picture a newborn presents must also be considered. Staff should be familiar with the common variables that might influence weight loss, such as sex and gestational size. They must also consider a mother's breastfeeding experience, her LATCH score, and the newborn's stooling patterns. Moreover, during the first few days, staff must not be falsely reassured by a newborn who is feeding and voiding often or who is receiving "a little bit" of formula. It is this newborn who may in fact be at greatest risk for continued weight loss.
To identify and treat lactation problems early, a lactation assessment by a trained professional should be part of routine care for all mothernewborn dyads. Continued support during the postpartum stay must be provided to any dyad with feeding difficulties. Most important, follow-up and lactation support must be available after discharge for all mothers, especially those with newborns at risk for continued weight loss. Welldesigned clinical trials that include newborns born vaginally are necessary to further explore this issue. Additionally, studies that monitor growth for longer periods of time would provide valuable insights to further understand this important topic.
Conclusion
The purpose of this study was to determine the MWL for healthy, full-term breastfed newborns and to evaluate the effect of weight loss of more than 7% on EBF rates. I found that the average weight loss for breastfed newborns born by cesarean was nearly 8%. This challenges the accuracy of the conventional 5% to 7% expected weight loss as a guide to practice. Newborn weight loss is an important measure of wellness in the early days of life. To date, no other researchers have explored the implications of newborn weight loss on maternal feeding behavior and EBF rates. In this study, weight loss appears to be a driving force behind formula supplementation; as it reached 7%, rates of EBF decreased markedly. Furthermore, newborns most at risk for prolonged weight loss may be those who are not exclusively breastfed. The premature cessation of breastfeeding can have well-known negative and long-lasting implications on health and wellness. These findings show the importance of establishing an accurate range of expected weight loss for newborns in the early days of life.
